1. Introduction {#sec1}
===============

Chitin is the second most abundant renewable carbohydrate polymer in nature after cellulose and possibly the most abundant in marine environments \[[@B1]\]. It largely exists in wastes from processing of marine food products \[[@B2]\], with an annual recovery of 1--100 billion metric tonnes as chitinous waste \[[@B3]\]. Most of the chitinous waste is disposed through ocean dumping, incineration, and land filling. The lack of cheap and commercially feasible methods for chitinous processing leads to economic loss, wastage of natural resource, and problem of environmental pollution. Disposal by microbial degradation of chitin offers the best solution to the problem leading to recycling of nutrients in the environment \[[@B4], [@B5]\].

Chitinases (EC 3.2.1.14) are glycosyl hydrolases which catalyze the first step in chitin digestion. Recently chitinases have received increasing attention because of their wide range of biotechnological applications, especially in agriculture for biocontrol of fungal phytopathogens and harmful insects, because chitin is the essential component of fungal cell wall and cuticle of insects \[[@B6]--[@B9]\]. Moreover, the applications of chitinases offer a potential alternative to the chemical fungicides \[[@B10], [@B11]\]. A wide range of microorganisms could degrade chitin by producing chitinases for nutrition, antagonism, and combating parasites \[[@B12]--[@B17]\]. However, to our knowledge there is no report performed on chitinase produced by endophytic*Serratia marcescens* isolated from peanut hulls for biocontrol of aflatoxins production. The ability of*S. marcescens*to produce chitinases is strain dependent and the quantities depended on the nutritional composition of the growth medium and culture condition \[[@B18]\]. Meanwhile the applications of chitinases require large quantities which in turn require optimization of nutritive and physical parameter for the selected isolate.

Several statistical and nonstatistical methods are available for optimization of medium constituents. Plackett-Burman and response surface methodology are the most widely used statistical approaches for reducing the time and expense. Central composite design (CCD) was used to determine levels of various parameters with the interrelation between each parameter evolved simultaneously \[[@B19]\]. Studies on medium optimization for chitinases production are the worthwhile technique for multifactor experiments, because they could detect the true optimum of the factor \[[@B20]--[@B22]\]. In addition medium composition greatly influenced the microbial production of extracellular chitinase and its interaction plays an important role in the synthesis of the chitinases \[[@B23], [@B24]\]. The objective of the present work was to characterize the medium of*S. marcescens* JPP1 for maximum antagonistic effect on aflatoxin in favor of the chitinase production, using statistical designs of Plackett-Burman and central composite design of response surface methodology. The molecular properties of the extracellular chitinase were also determined.

2. Materials and Methods {#sec2}
========================

2.1. Bacterial Strain {#sec2.1}
---------------------

Thestrain used in this study was isolated from the peanut hulls collected from the sampling site in Huaian city, Jiangsu Province, China. Itwas identified as*Serratia marcescens* JPP1 based on its morphological and physiological characteristics and 16S rRNA gene sequence analysis. The nucleotide sequence of 16S rRNA gene was submitted to NCBI GenBank database under the accession number JQ308601 \[[@B25]\].

2.2. Media Composition {#sec2.2}
----------------------

PGY medium: peanut hulls were dried at 40°C and then ground. The ground peanut hulls were boiled with water for 1 h at the final concentration of 2.5% and then centrifuged at 6,600 g at room temperature for 5 min. The supernatant was supplemented with 2% glucose and 0.5% yeast extract and then autoclaved for 20 min at 121°C, pH in nature.*S. marcescens* JPP1 was maintained on solid PGY medium. The stocks were kept in the refrigerator and subcultured at monthly intervals.

2.3. Preparation of Colloidal Chitin {#sec2.3}
------------------------------------

Colloidal chitin was prepared from pure chitin (Sangon Biotech, China) by the method of Roberts and Selitrennikoff \[[@B26]\]. Commercial chitin (40 g) was weighed and taken in a beaker; 500 mL of concentrated hydrochloric acid was added, followed by continuous stirring at 4°C. After stirring for 1 h, the hydrolyzed chitin in the beaker was washed several times with distilled water to remove the acid completely and hence bring the pH into the range of 6-7. Once this pH was obtained, the colloidal chitin was filtered using Whatman filter paper. The filtered colloidal chitin was then collected and stored in the form of a paste at 4°C.

2.4. Chitinase Activity Assay {#sec2.4}
-----------------------------

Chitinase activity was tested according to the method of Monreal and Reese detecting N-acetylglucosamine (NAG) as the final product \[[@B27]\]. The reaction mixture for the chitinase assay contained 1 mL of 5% acid swollen chitin, 1 mL of 50 mM acetate buffer (pH 5.0), and 1 mL of enzyme solution. The reaction mixture was incubated at 50°C for 1 h and then the reaction was stopped after boiling for 15 min. The mixture was centrifuged at 5,000 rpm for 20 min and the concentration of released NAG was assayed at 530 nm spectrophotometrically, with colloidal chitin as substrate. One unit of chitinase activity was defined as the amount of enzyme that catalyzed the release of 1 *μ*mol of NAG per hour at 50°C. Data is expressed as mean ± SD of three experiments.

2.5. Design of Experiment {#sec2.5}
-------------------------

The optimization of medium constituents to improve chitinase activity of*S. marcescens* JPP1 was carried out in two stages, Plackett-Burman and response surface methodology. Firstly, eight variables including three best carbon sources, three best nitrogen sources, magnesium sulfate, and potassium hydrogen phosphate anhydrous were selected on the basis of their role in chitinase secretion enhancement. The variables having the most significant effect on chitinase activity were identified using a 2-level Plackett-Burman design.

Secondly, response surface methodology was used to optimize the screened components to enhance chitinase activity using central composite design. A 2^4^ full factorial CCD of RSM was employed to optimize the four most significant factors (glucose, peptone, ammonium sulfate, and chitin) for enhancing chitinase activity. The concentrations of 4 variables were previously investigated for chitinase activity using single-factor experiments (data not shown). In this study, the experimental plan consisted of 31 trials and the independent variables were studied ([Table 1](#tab1){ref-type="table"}). All the experiments were done in triplicate and the average chitinase activity was taken as the dependent variables or responses. The data obtained from CCD on chitinase production were subjected to analysis of variance (ANOVA). Then a second-order polynomial equation was fitted to the data by multiple regression procedure. This resulted in an empirical model that related the response measured in the independent variables to the experiment. The behavior of the system was explained by the following quadratic equation: $$\begin{matrix}
{Y = \beta_{0} + \sum\beta_{i}x_{i} + \sum\beta_{ij}x_{i}x_{j} + \sum\beta_{ii}{x_{i}}^{2},} \\
\end{matrix}$$ where *Y* is predicted response, *x* ~*i*~ and *x* ~*j*~ are the input variables, *β* ~0~ is the intercept term, *β* ~*i*~ is the linear effects, *β* ~*ii*~ is the squared effects, and *β* ~*ij*~ is the interaction term.

The statistical software package Minitab 16.0 (Minitab Inc., State College, PA) was used to analyze the experimental design. The response obtained was statistically evaluated and the model was built based on the variables with confidence levels more than 95%.

2.6. Nucleotide Sequence of Chitinase Gene {#sec2.6}
------------------------------------------

Genomic DNA from strain*S. marcescens* JPP1 was extracted using a bacterial genomic DNA FastPrep Extraction Kit (Sangon Biotech, China). The oligonucleotides designed using Primer Premier 5.0 on the basis of the published sequence of chitinase (ChiB) gene \[[@B28]\] were synthesized and used for determination of the chitinase gene sequence. The upstream primer (5′-CCAAGACAGGCGGCAGTAAATAAAA-3′) and downstream primer (5′-AAAAGCGATGTCTACAGCCTGATGG-3′) were used to amplify and sequence the CHI gene.

PCR was performed under the following conditions: 94°C for 5 min, followed by 94°C for 1 min, 58°C for 1 min, and 72°C for 1.5 min for 35 cycles and with a final 10 min extension at 72°C. PCR sequencing was performed at Sangon Biotech, Shanghai. In order to confirm the fidelity of the sequence, two independent PCR products were sequenced in both directions. Sequence comparison was performed in the GenBank database using BLAST through the NCBI server. The protein sequence alignment was performed using CLUSTAL_X program of MEGA 5 package.

3. Results and Discussion {#sec3}
=========================

Achitinase producing isolate JPP1 was obtained from peanut hulls in Jiangsu Province, China. The JPP1 bacterium was a rod-shaped organism that was gram negative, casein hydrolysis, catalase reactivity, and citrate degradation positive. It was identified as*Serratia marcescens*based on biochemical and genetic characteristics. In preliminary studies the strain exhibited antagonistic activity against mycelia growth and subsequent aflatoxin production. The main mechanism of strain JPP1 for biocontrol against the growth of*A. parasiticus* and aflatoxin production was also determined. The strain JPP1 could produce chitinase to degrade phytopathogenic fungal cell walls \[[@B25]\].

Since the ability of*S. marcescens* to produce chitinases is strain dependent and the medium composition greatly influenced the chitinase synthesis, optimization of culture media for chitinase production was performed. The Plackett-Burman design could provide an efficient way of a large number of variables to identify the most important ones. A total of 8 variables were analyzed with regard to their effects on chitinase production using the Plackett-Burman design. Three best carbon sources (glucose, fructose, and beef extract), three best nitrogen sources (ammonium sulfate, peptone, and ammonium chloride), magnesium sulfate, and dipotassium hydrogen phosphate (K~2~HPO~4~) were selected on the basis of their role in chitinase secretion enhancement. The results revealed that the most significant three factors which were more effective in chitinase production were peptone, glucose, and ammonium sulfate (*P* \< 0.01) \[[@B29]\].

Central composite design is a very useful tool for determining the optimal level of significant constituents and their interaction. In this study, CCD was used to determine the optimum level of the four selected significant variables (peptone, glucose, chitin, and ammonium sulfate) for the chitinase production. A total of 31 experiments with different combinations of the four selected variables were performed. The design matrix with the corresponding results of CCD experiments, as well as the experimental results, is presented in [Table 1](#tab1){ref-type="table"}. The *P* values for the model (\<0.0001) and for "lack of fit" (0.066) suggested that the obtained experimental data were a good fit with the model. By applying multiple regression analysis on the experimental data, the experimental results of the CCD design were fitted with a second-order polynomial equation for chitinase activity. The response of chitinase production (*Y*) by*S. marcescens* JPP1 can be expressed in terms of the following regression equation: $$\begin{matrix}
{Y = 13.23 + 0.85A + 4.21B + 0.33C - 1.52D} \\
{\quad + 0.08A\ast B - 0.14A\ast C + 0.08A\ast D} \\
{\quad + 0.04B\ast C - 0.18B\ast D - 0.17C\ast D} \\
{\quad - 0.51A^{2} - 0.19B^{2} - 0.22C^{2} - 0.61D^{2},} \\
\end{matrix}$$ where *Y* is chitinase production (response); *A*, glucose; *B*, peptone; *C*, chitin; and *D*, (NH~4~)~2~SO~4~.

The second-order response surface model of ([2](#EEq2){ref-type="disp-formula"}) was checked by an *F*-test, and the results by the analysis of variance (ANOVA) were given in [Table 2](#tab2){ref-type="table"}. The ANOVA of the quadratic regression model demonstrated that the model was highly significant, due to its high *F* value (*F* = 93.19) and a very low probability value (0). The *F* value shows how well the factors describe the variation in the data about their mean. The greater the *F* value was from unity, the more certain it was that the factors explain adequately the variation in the data about their mean, and the estimated factor effects were real. The *P* values were employed to confirm the significance of each coefficient. Regression coefficients and significance were determined by *P* values which were summarized in [Table 3](#tab3){ref-type="table"}. The fit goodness of the model can be checked by the determination coefficient *R* ^2^ (0.9879), indicating that 98.79% of the variability in the response could be explained by the model. The value of the adjusted *R* ^2^ (0.9773) was also very high to advocate for a high significance of the model.

The 3D response surface was the graphical representation of the regression equation using Minitab 16.0 software. The response surface curves were shown in [Figure 1](#fig1){ref-type="fig"} to help visualize the effects of peptone, glucose, chitin, and ammonium sulfate on chitinase activity, while each figure demonstrated the effect of two factors. From [Figure 1](#fig1){ref-type="fig"}, it is evident that an increase in glucose, chitin, and ammonium sulfate concentrations caused enhancement in chitinase secretion, followed by a decrease in its secretion. [Figure 1](#fig1){ref-type="fig"} also shows that maximum chitinase activity was obtained at high concentrations of peptone. In our study, chitinase production was perhaps related to the high concentrations of peptone. The high peptone content would assure the availability of amino acids required for the synthesis of chitinase in general \[[@B18]\]. [Figure 1(c)](#fig1){ref-type="fig"} shows the interactive effect of peptone and (NH~4~)~2~SO~4~ concentrations on chitinase production. The chitinase activity increased as (NH~4~)~2~SO~4~ increased from 1 to 1.32 g/L, but further (NH~4~)~2~SO~4~ content showed a declining trend for chitinase production. The medium containing peptone as organic nitrogen source led to the highest chitinase activity, while (NH~4~)~2~SO~4~ was inorganic nitrogen source for chitinase production. Because inorganic nitrogen sources were easily utilized in early bacterial fermentation and organic nitrogen sources could be used in the formation of metabolic enzymes, it preferably includes both organic nitrogen source and inorganic nitrogen source in the medium components.

Because*Serratia* is a member of the Enterobacteriaceae, its direct use as a biocontrol agent would be limited due to its ability to cause disease in humans as an opportunistic pathogen. For this reason, it is important to find cheap and effective culture media that will permit the optimal production of chitinase on a medium scale. The optimized factors for obtaining the highest level of chitinase production were 7.34 g/L glucose, 5.00 g/L peptone, 12.70 g/L chitin, and 1.32 g/L ammonium sulfate. In these conditions, the chitinase production was predicted to be 23.09 U/mL for a 2.1-fold increase.

Polymerase chain reaction (PCR) amplification of the chitinase gene was performed and obtained a 1,789 bp nucleotide sequence. The sequence was submitted to NCBI GenBank database under the accession number KJ562867. Similarity search of the nucleotide sequence was performed in the GenBank database using BLASTn. The results showed that the most similar 10 sequences all belonged to*S. marcescens* ChiB gene with the similarities in range of 95--99%. Nucleotide sequencing analysis revealed an open reading frame (ORF) consisting of 1,500 nucleotides with ATG as a start codon and TAA as a stop codon. This ORF encoded a protein of 499 amino acids named as ChiBjp. The deduced protein sequence of ChiBjp was compared with entries in the GenBank database using BLASTp. The N-terminal moiety of ChiBjp showed sequence homology with enzymes classified into family 18 of glycosyl hydrolases such as*S. marcescens* ChiB (WP_016926761.1, sequence identity 99.8%; 3WD0_A, 99.8%) and complex of*S. marcescens* ChiA (1H0G_A, 98.8%). The phylogenetic relationship of ChiBjp with those of representative chitinase from the genus*Serratia* was shown in [Figure 2](#fig2){ref-type="fig"}. After similarity alignment and phylogenetic analysis, the chitinase produced by strain JPP1 was determined as ChiB. ChiB is an exochitinase that degrades chitin chains from their nonreducing ends. In addition to the catalytic domain, this enzyme has a small chitin-binding domain that extends the substrate-binding cleft towards the reducing end of the polysaccharide chain \[[@B30]\].

Using Protparam program the predicted molecular weight and the isoelectric point of ChiBjp were 55480.3 Da and 5.93, respectively. It was a fat-soluble protein, relatively stable and hydrophilic with formula C~2508~H~3766~N~662~O~738~S~15~. The predicted secondary structure of ChiBjp was 31.66% alpha helix, 20.64% extended strand, and 47.70% random coil using GOR4 program, as shown in [Figure 3](#fig3){ref-type="fig"}. The catalytic domains of family 18 chitinases have a (*βα*)~8~ barrel fold. The *β*-strand four of the barrel contains a characteristic DXDXE sequence motif that includes the glutamate residue which protonates that oxygen in the scissile glycosidic bond \[[@B31]\]. Its predicted tertiary structure exhibited similarity of 98.6% with the template by Geno3d program \[[@B32]\], as shown in [Figure 4](#fig4){ref-type="fig"}. The template was complex of ChiB (1H0G) from wild type*S. marcescens*with the natural product cyclopentapeptide argadin from*Clonostachys* \[[@B33]\].

4. Conclusion {#sec4}
=============

The optimization of medium composition with increased production of chitinase from*Serratia marcescens* JPP1 was carried out using two statistical experimental methods including Plackett-Burman design and central composite design. Maximum chitinase production was predicted to be 23.09 U/mL for a 2.1-fold increase in medium containing 12.70 g/L colloidal chitin, 7.34 g/L glucose, 5.00 g/L peptone, 1.32 g/L (NH~4~)~2~SO~4~, 0.7 g/L K~2~HPO~4~, and 0.5 g/L MgSO~4~ *·*7H~2~O. The results suggested that statistical experimental designs provided an efficient and economical method in optimizing chitinase production for biocontrol of aflatoxins. Similarity alignment and phylogenetic analysis of the nucleotide sequence and deduced amino acid sequence determined that the chitinase produced by strain JPP1 was ChiB. The molecular properties of the chitinase including predicted secondary and tertiary structure were also determined.
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![Response surface plot of chitinase production showing the interactive effects of the glucose and peptone concentrations (a), peptone and chitin concentrations (b), and ammonium sulfate and peptone concentrations (c), keeping all other parameters constant.](BMRI2014-482623.001){#fig1}
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###### 

Experimental design and results of CCD of 4 variables in coded and actual units.

  -----------------------------------------------------------------------------------------------------------------------------------------------
  Runs   *A*: glucose\   *B*: peptone\   *C*: chitin\   *D*: (NH~4~)~2~SO~4~ \   Chitinase activity (U/mL)                                
         (g/L)           (g/L)           (g/L)          (g/L)                                                                             
  ------ --------------- --------------- -------------- ------------------------ --------------------------- ---- ---- --- -------------- -------
  1      −1              4               −1             2                        −1                          8    −1   2   7.47 ± 0.09    7.56

  2      1               8               −1             2                        −1                          8    −1   2   9.29 ± 0.15    9.24

  3      −1              4               1              4                        −1                          8    −1   2   16.16 ± 0.14   16.11

  4      1               8               1              4                        −1                          8    −1   2   18.18 ± 0.07   18.08

  5      −1              4               −1             2                        −1                          8    1    4   8.79 ± 0.08    8.75

  6      1               8               −1             2                        −1                          8    1    4   9.49 ± 0.10    9.87

  7      −1              4               1              4                        −1                          8    1    4   17.68 ± 0.12   17.45

  8      1               8               1              4                        −1                          8    1    4   18.38 ± 0.03   18.87

  9      −1              4               −1             2                        1                           12   −1   2   5.05 ± 0.06    5.05

  10     1               8               −1             2                        1                           12   −1   2   6.36 ± 0.08    7.03

  11     −1              4               1              4                        1                           12   −1   2   12.83 ± 0.19   12.89

  12     1               8               1              4                        1                           12   −1   2   14.65 ± 0.21   15.17

  13     −1              4               −1             2                        1                           12   1    4   5.04 ± 0.07    5.57

  14     1               8               −1             2                        1                           12   1    4   6.46 ± 0.05    7.00

  15     −1              4               1              4                        1                           12   1    4   13.03 ± 0.17   13.57

  16     1               8               1              4                        1                           12   1    4   14.95 ± 0.14   15.29

  17     −2              2               0              3                        0                           10   0    3   9.5 ± 0.04     9.51

  18     2               10              0              3                        0                           10   0    3   13.84 ± 0.08   12.91

  19     0               6               −2             1                        0                           10   0    3   4.65 ± 0.06    4.05

  20     0               6               2              5                        0                           10   0    3   21.21 ± 0.11   20.89

  21     0               6               0              3                        0                           10   −2   1   11.82 ± 0.08   11.72

  22     0               6               0              3                        0                           10   2    5   13.84 ± 0.03   13.03

  23     0               6               0              3                        −2                          6    0    3   13.64 ± 0.09   13.86

  24     0               6               0              3                        2                           14   0    3   8.89 ± 0.12    7.76

  25     0               6               0              3                        0                           10   0    3   13.43 ± 0.05   13.23

  26     0               6               0              3                        0                           10   0    3   13.13 ± 0.09   13.23

  27     0               6               0              3                        0                           10   0    3   13.74 ± 0.17   13.23

  28     0               6               0              3                        0                           10   0    3   13.64 ± 0.14   13.23

  29     0               6               0              3                        0                           10   0    3   13.03 ± 0.11   13.23

  30     0               6               0              3                        0                           10   0    3   13.04 ± 0.05   13.23

  31     0               6               0              3                        0                           10   0    3   12.63 ± 0.06   13.23
  -----------------------------------------------------------------------------------------------------------------------------------------------

###### 

ANOVA of chitinase activity for the RSM parameters fitted to second-order polynomial equation.

  --------------------------------------------------------------
  Source of\    DF   SS        MS        *F* value   *P* value
  variation                                          
  ------------- ---- --------- --------- ----------- -----------
  Model         14   519.02    37.073    93.19       0

  *A*           1    17.323    17.323    43.54       0

  *B*           1    425.294   425.294   1069.05     0

  *C*           1    2.581     2.581     6.49        0.022

  *D*           1    55.724    55.724    140.07      0

  *A*∗*A*       1    5.105     7.303     18.36       0.001

  *B*∗*B*       1    0.362     1.036     2.6         0.126

  *C*∗*C*       1    0.658     1.326     3.33        0.087

  *D*∗*D*       1    10.522    10.522    26.45       0

  *A*∗*B*       1    0.092     0.092     0.23        0.638

  *A*∗*C*       1    0.311     0.311     0.78        0.39

  *A*∗*D*       1    0.095     0.095     0.24        0.632

  *B*∗*C*       1    0.023     0.023     0.06        0.812

  *B*∗*D*       1    0.494     0.494     1.24        0.282

  *C*∗*D*       1    0.439     0.439     1.1         0.309

  Residual      16   6.365     0.398                  

  Lack of fit   10   5.451     0.545     3.58        0.066

  Pure error    6    0.914     0.152                  

                                                     

  Total         30   525.385                          
  --------------------------------------------------------------

*R* ^2^ = 0.9879; DF: degrees of freedom; SS: sum of squares; MS: mean square; Adj *R* ^2^ = 0.9773.

###### 

Test of significance for regression coefficient.

  --------------------------------------------------------------
  Model\      Coefficient\   Standard\   *t* value   *P* value
  term        estimate       error                   
  ----------- -------------- ----------- ----------- -----------
  Intercept   13.2343        0.2384      55.514      0

  *A*         0.8496         0.1287      6.599       0

  *B*         4.2096         0.1287      32.696      0

  *C*         0.3279         0.1287      2.547       0.022

  *D*         −1.5237        0.1287      −11.835     0

  *A*∗*A*     −0.5053        0.1179      −4.284      0.001

  *B*∗*B*     −0.1903        0.1179      −1.614      0.126

  *C*∗*C*     −0.2153        0.1179      −1.826      0.087

  *D*∗*D*     −0.6066        0.1179      −5.143      0

  *A*∗*B*     0.0756         0.1577      0.48        0.638

  *A*∗*C*     −0.1394        0.1577      −0.884      0.390

  *A*∗*D*     0.0769         0.1577      0.488       0.632

  *B*∗*C*     0.0381         0.1577      0.242       0.812

  *B*∗*D*     −0.1756        0.1577      −1.114      0.282

  *C*∗*D*     −0.1656        0.1577      −1.05       0.309
  --------------------------------------------------------------

[^1]: Academic Editor: Xiaoling Miao
